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(57) ABSTRACT

Provided is an air mattress configured so that the pressure
within each of bladder-shaped cells is variable, wherein the
sleeping comfort of a person lying on the air mattress is not
reduced.

The air mattress has a plurality of air cell groups, each of
which constituted by a plurality of bladder-shaped cells and
lined up with respect to the lengthwise direction of the air
mattress; an air supply/release pump; an air tube linking the
bladder-shaped cells and the air supply/release pump in an
independent first system for each of the air cell groups and an
independent second system for each of specific bladder-
shaped cells out of the plurality of air cell groups; and a
pressure sensor for measuring the pressure within the blad-
der-shaped cells for each of the first and second systems. One
or a plurality of specific air cell groups is constituted by an
upper section, a middle section, and a lower section of blad-
der-shaped cells lined up in the lengthwise direction of the air
mattress; the pressure in the lower section bladder-shaped
cells is controlled by the first system and the pressure in the
middle section bladder-shaped cells is controlled by the sec-
ond system; and the upper section bladder-shaped cells com-
municate with the middle section bladder-shaped cells.

17 Claims, 14 Drawing Sheets
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1
AIR MATTRESS

TECHNICAL FIELD

The present invention relates to an air mattress, and in
particular to an air mattress allowing for adjustment of air
pressure within a plurality of bladder-shaped cells in inde-
pendent systems.

BACKGROUND ART

Conventionally, mattresses configured so as to inflate and
deflate a plurality of bladder-shaped cells as appropriate and,
for example, prevent decubitus ulcers from occurring in a
person lying on the air mattress or improve the contact feel
felt by the person have been used as air mattresses. Patent
document 1, for example, discloses an air mattress formed by
a plurality of bladder-shaped air cells disposed upon a base
sheet, wherein all of the air cells are divided into an upper
layer and a lower layer by a divider, all of the air cells are
respectively inflated or deflated in the upper layers and lower
layers thereof, and decubitus ulcers are prevented from occur-
ring in the person lying on the air mattress.

Patent document 2 discloses a technique in which four
flexible sheets are layered together, the circumferential edges
are bonded together, and the spaces between the flexible
sheets are filled with air, thereby constituting an air mattress
with three-layered air cells; and the pressure within each of
the air cells is separately adjusted, thereby preventing decu-
bitus ulcers from occurring in the person on the air mattress.

Patent document 3 discloses an air cell for an air mattress in
which second and third cells smaller in diameter than a single
first cell are formed above the first cell, and the first, second,
and third cells are in communication with each other. By
configuring the air cell in this way, the second cell and third
cell increase the area contacting a person when then person
lies upon the air mattress, in which a plurality of air cells is
lined up, and the second cell and third cell move so as to
separate from each other, thus making the air cell as a whole
disinclined to collapse and reducing the contact pressure
placed upon the person.

Patent document 4 discloses a technique of providing a
plurality of air cells within the interior of a retaining member
formed of an elastic material so as to line up in the lengthwise
direction of an air mattress and adjusting the pressure within
the air cells, thereby preventing decubitus ulcers from occur-
ring in a person lying on the air mattress.

Patent document 5 discloses a technique of preventing
repelling force from being placed by a mattress upon a loca-
tion of a person lying on the air mattress at which decubitus
ulcers have occurred, and discloses lining up multiple cuboid
air cells in the lengthwise direction and widthwise direction
of'an air mattress, attaching a magnetic marker to a location of
a person at which decubitus ulcers have occurred, detecting
the position of the marker using a magnetic sensor provided in
each of the air cells, and reducing the pressure in the air cells
corresponding to the position of the detected marker.

BACKGROUND ART LITERATURE
Patent Literature

Patent Document 1: Registered Japanese Utility Model No.
3115039

Patent document 2: Japanese Laid-Open Patent Application
No. 2002-136396
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Patent document 3: Japanese Laid-Open Patent Application
No. 2008-125798

Patent document 4: Japanese Laid-Open Patent Application
No. 2000-189288

Patent document 5: Japanese Laid-Open Patent Application
No. 2007-144007

DISCLOSURE OF THE INVENTION
Problems the Invention is Intended to Solve

However, the following problems are present in the above
described prior art. Because the air mattress of patent docu-
ment 1 is configured so as to inflate and deflate all of the air
cells in both the upper layers and lower layers thereof, com-
fort is reduced due to, for instance, a large repelling force
being placed by the mattress upon a specific location of the
person lying on the air mattress; for instance, the buttock area.

In the air mattress of patent document 2 as well, because
each of the first, second, and third cells is set to identical
pressures, comfort is reduced due to, for instance, a large
repelling force being placed by the mattress upon a specific
location of the person lying on the air mattress; for instance,
the buttock area, as in the case of the technique of patent
document 1. Also, in the air cell of patent document 2, an
upper surface and alower surface are bonded using a plurality
of punctate adhered parts, thereby forming a plurality of
convexities; however, when the air cell is configured in this
way, if the adhered parts happen to come apart, the air cell
swells up into a single large bladder shape, and stops func-
tioning as an air mattress function.

Problems are presented in the air cell of patent document 3
in that it is of a complex structure, has many parts where
adhesion between members occurs, and entails high manu-
facturing costs.

In the air mattress of patent document 4, because the pres-
sure within all of the bladder-shaped cells is set to a fixed
value, comfort is reduced, as with the techniques of patent
documents 1 and 2.

In the air mattress of patent document 5, not only is it
necessary to provide multiple air cells, resulting in a compli-
cated structure, but it is also necessary to provide a magnetic
sensor for each of the air cells, increasing manufacturing
costs.

An object of the present invention is to provide a mattress
configured so that the pressure within each of bladder-shaped
cells is variable, wherein the comfort of a person lying on the
air mattress is not reduced.

Means for Solving the Problems

The air mattress according to the present invention has a
plurality of air cell groups, each of which constituted by a
plurality of bladder-shaped cells and lined up in the length-
wise direction of the air mattress, an air supply/release pump,
an air tube connecting the bladder-shaped cells and the air
supply/release pump in one or a plurality of independent first
systems for each of the air cell groups out of the air cell groups
and one or a plurality of independent second systems for each
of' specific bladder-shaped cells out of the plurality of air cell
groups, and a controller for controlling air supply/release by
the air supply/release pump with respect to the first system
and second system; one or a plurality of specific air cell
groups out of the plurality of air cell groups is respectively
constituted by an upper section, a middle section, and a lower
section of bladder-shaped cells lined up in the lengthwise
direction of the air mattress; the pressure in the lower section
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bladder-shaped cells is controlled by the first system; the
pressure in the middle section bladder-shaped cells is con-
trolled by the second system; and the upper section bladder-
shaped cells communicate with the middle section bladder-
shaped cells therebeneath.

In the air mattress described above, the plurality of air cell
groups is lined up corresponding to, for example, at least a
head area, shoulder area, back area, buttock area, thigh area,
knee area, and heel area of a person lying on the air mattress;
and the specific air cell groups are air cell groups correspond-
ing to the back area, buttock area, and thigh area.

Also, for example, at least a side surface of each of the
upper section and middle section bladder-shaped cells is
formed in an arcuate shape, and the radius of curvature of the
arcuately shaped parts of the upper section bladder-shaped
cells is smaller than the radius of curvature of the arcuately
shaped parts of the middle section bladder-shaped cells.

In the air mattress described above, it is preferable that the
controller perform a control so that the pressure in the lower
section bladder-shaped cells is greater than that in the middle
section bladder-shaped cells.

The controller performs a control so that the pressure in at
least, for example, the air cell groups corresponding to the
head area of the person lying on the air mattress out of the air
cell groups is maintained at a fixed level, the bladder-shaped
cells of the air cell groups corresponding to the heel area are
inflated or deflated at a fixed interval, and the pressure in the
air cell groups corresponding to the back area and thigh area
is greater than the pressure in the air cell groups correspond-
ing to the buttock area.

In this case, the bladder-shaped cells of the air cell groups
corresponding to the head area and heel area, as well as the
lower section bladder-shaped cells of the air cell groups cor-
responding to the back area, buttock area, and thigh area, are
connected to the first system via the air tube; and in order to
set the pressure within the bladder-shaped cells to which air is
supplied by the first system to a set target value, the controller
begins supplying air using the air supply/release pump to the
system when the value measured by the pressure sensor is
reduced below the set target value and a period during which
the difference between the measured value and the set target
value is 5% or more is four seconds or more, and stops
supplying air using the air supply/release pump when the
value measured by the pressure sensor becomes equal to or
greater than the set target value.

Also, for example, the second systems are constituted by
two or more systems; each of the bladder-shaped cells in the
air cell groups corresponding to the shoulder area and knee
area, as well as the upper section bladder-shaped cells in the
air cell groups corresponding to the back area, buttock area,
and thigh area, is connected to one of the second systems via
the air tubes; and a control can be performed so that inflation
and deflation can be repeated in order within each of the air
cell groups for each of the systems.

Effects of the Invention

The air mattress according to the present invention has first
and second air intake/release systems, and in specific air cell
groups, the pressure in lower section bladder-shaped cells is
controlled by the first system, the pressure in middle section
bladder-shaped cells is controlled by the second system, and
upper section bladder-shaped cells communicate with the
middle section bladder-shaped cells therebeneath. It is
thereby possible to separately control the pressure in each of
the air cell groups, and furthermore to control the pressure
respectively in upper section and middle section bladder-
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shaped cells and lower section bladder-shaped cells via inde-
pendent systems for specific air cell groups, not only allowing
pressureto be controlled according to the location on the body
of the person lying on the air mattress, but also allowing the
pressure in upper section and middle section bladder-shaped
cells in parts of specific air cell groups to be set to a pressure
such that sleeping comfort is not reduced while the body of
the person is in a state of being stably supported by the lower
section bladder-shaped cells. Thus, in accordance with the air
mattress according to the present invention, the sleeping com-
fort of the person lying on the air mattress is not reduced.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows (a) a lateral cross-sectional view of a three-
sectioned bladder-shaped cell in an air mattress according to
an embodiment of the present invention, and (b) a longitudi-
nal cross-sectional view of the same;

FIG. 2 is a perspective view of a three-sectioned bladder-
shaped cell in the air mattress according to the embodiment of
the present invention;

FIG. 3 is a schematic view of air supply/release systems for
each of bladder-shaped cells of the air mattress according to
the embodiment of the present invention;

FIG. 4 is a plan view of the disposition of each of the
bladder-shaped cells and an air supply/release pump of the air
mattress according to the embodiment of the present inven-
tion;

FIG. 5 is a perspective view of the air mattress according to
the embodiment of the present invention;

FIG. 6 is a perspective view of the air supply/release pump
and a connector of the air mattress according to the embodi-
ment of the present invention;

FIG. 7 is a plan view of the air tube-side connector of the air
mattress according to the embodiment of the present inven-
tion;

FIGS. 8(a) and 8(b) are views of the air tube-side connector
of'an air mattress according to the embodiment of the present
invention as seen from a mating surface side thereof;

FIG. 9(a) through 9(c) are partial plan views illustrating a
process of removing a connector of the air mattress according
to an embodiment of the present invention;

FIG. 10 is a flow chart illustrating a process of setting the
internal pressure of the bladder-shaped cells of each of the
systems in the air mattress according to the embodiment of
the present invention;

FIG. 11 chronologically illustrates the operation of each of
the air supply/release systems when a decubitus ulcer preven-
tion function of the air mattress according to the embodiment
of the present invention is operated;

FIG. 12 is a partial flow chart illustrating a process of
setting the internal pressure of the bladder-shaped cells of
each of the systems when transitioning between modes in the
air mattress according to the embodiment of the present
invention;

FIG. 13 is a partial flow chart illustrating a process of
setting the internal pressure of the bladder-shaped cells of
each of the systems when transitioning between modes in the
air mattress according to the embodiment of the present
invention, and illustrates the process of step 12 and afterward
from FIG. 12;

FIG. 14 chronologically illustrates the operation of indi-
vidual air supply systems for the bladder-shaped cells in each
of the systems when transitioning between modes;
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FIG. 15 illustrates an operation of supplying and releasing
air to and from a system A and a system B in an air mattress
according to a second embodiment of the present invention;
and

FIG. 16 is a schematic view of an air mattress according to
an embodiment of the present invention laid upon a back
frame of an electric bed.

BEST MODE FOR CARRYING OUT THE
INVENTION

There follows a detailed description of an air mattress
according to an embodiment of the present invention with
reference to the attached drawings. FIG. 1(a) is a lateral
cross-sectional view of a three-sectioned bladder-shaped cell
in an air mattress according to an embodiment of the present
invention and FIG. 1(b) is a longitudinal cross-sectional view
of'the same. FIG. 2 is a perspective view of a three-sectioned
bladder-shaped cell. FIG. 3 is a perspective view of the air
mattress according to the embodiment of the present inven-
tion, FIG. 4 is a plan view of the disposition of individual
bladder-shaped cells and an air supply/release pump of the air
mattress according to the embodiment of the present inven-
tion, and FIG. 5 is a perspective view of the air mattress
according to the embodiment of the present invention. FIG. 6
is a perspective view of the air supply/release pump and a
connector of the present embodiment; FIG. 7 is a plan view of
an air tube-side connector of the present embodiment; FIGS.
8(a) and 8(b) are views of the air tube-side connector of the
present embodiment as seen from a mating surface side
thereof; and FIG. 9 is a partial plan view illustrating a process
of removing the connector of the air mattress according to the
present embodiment, and is a cross-sectional view along
plane A in FIG. 6.

First, the configuration of the air mattress according to the
present embodiment will be described. As shown in FIGS. 3
through 5, the air mattress 1 according to the present embodi-
ment is provided with a plurality of air cell groups 10 each of
which being configured using a plurality of bladder-shaped
cells 17, an air supply/release pump 11, an air tube 13 con-
necting the bladder-shaped cells 17 of each of the air cell
groups 10 to the air supply/release pump 11, and a mattress
control circuit 15 for controlling air supply/release to each of
the air cell groups 10 by the air supply/release pump. In the
present embodiment, as shown in FIGS. 3 through 5, the
plurality of air cell groups 10, air tube 13, and air supply/
release pump 11 constitute an integrated whole.

As shown in FIG. 4, each of the bladder-shaped cells 17 of
the plurality of air cell groups 10 is a rod-shaped cell extend-
ing in, for example, the widthwise direction of the air mattress
1, and the plurality of bladder-shaped cells 17 is lined up in
the lengthwise direction of the air mattress to constitute the
main body of the air mattress. As shown in FIG. 3 and F1G. 4,
the plurality of bladder-shaped cells 17 is disposed lined up
with respect to the lengthwise direction of the air mattress 1 so
that a plurality thereof corresponds to each of the head area,
shoulder area, buttock area, thigh area, knee area, and heel
area of a person lying on the air mattress 1; and constitute air
cell groups 10a through 10e corresponding to each of the
locations of the body of the person. In the present embodi-
ment, as shown in FIG. 3, the bladder-shaped cells 17 corre-
sponding to the back area, buttock area, and thigh area of a
person are divided into upper sections and lower sections, and
the air pressure for each is controlled by separate systems.
Each of the bladder-shaped cells 17 is, for example, formed
by stitching together resin material such as nylon fibers or the
like, and bladder-shaped cells 17 disposed adjacent to one
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6

another are fixed together by, for example, being stitched
together. The fixing together of bladder-shaped cells 17 may
also be performing using, for example, an adhesive. In this
way, the air mattress 1 supports the body of the person lying
on the mattress by having the plurality of rod-shaped cells
extending in the widthwise direction of the air mattress 1 be
lined up in the lengthwise direction of the air mattress, and the
interior of each of the bladder-shaped cells 17 be filled with
air. By adjusting the air pressure within the bladder-shaped
cells 17 according to each of the locations of the body, it is
possible, for example, to cause the pressure within the blad-
der-shaped cells for the back area and the thigh area to be
greater than that of the pressure within the bladder-shaped
cells for the buttock area, thus enabling dispersion of body
pressure. Each of the plurality of bladder-shaped cells 17 is
provided in at least one location with an air supply/release
terminal for connecting to the air tube 13. In the present
embodiment, each of the bladder-shaped cells is provided
with an air supply/release terminal 174 at one location, and
each of the bladder-shaped cells is configured so as to be
capable of being inflated and deflated by connecting the air
tube 13 to the air supply/release terminal and supplying air to
or releasing air from the bladder-shaped cell via the air tube
13 of each of the systems. The air tube 13 used is preferably,
for example, manufactured from a resin such as vinyl chlo-
ride.

Each of the bladder-shaped cells 17 of air cell groups 10c
through 10e corresponding to the back area, buttock area, and
thigh area of the person on the mattress are divided into, as
shown for example in FIG. 1 and FIG. 2, upper bladder-
shaped cells and lower bladder-shaped cells 17¢, and the
upper bladder-shaped cells and lower bladder-shaped cells
17¢ are fixed together using, for example, an adhesive. A
divider member of, for example, nylon fibers or the like is
further provided within the upper bladder-shaped cells, which
are divided into upper section bladder-shaped cells 17a and
middle section bladder-shaped cells 175. As shown in FIG.
1(b), the divider member is disposed, for example, at parts
other than the two ends of the boundary between the upper
section bladder-shaped cells 174 and the middle section blad-
der-shaped cells 175, and the upper section bladder-shaped
cells 17a and the middle section bladder-shaped cells 175 are
connected at the two ends with respect to the lengthwise
direction of the bladder-shaped cells. A configuration is thus
obtained in which it is possible to control pressure so that the
pressure in the interior of the upper section bladder-shaped
cells 17a and the pressure in the interior of the middle section
bladder-shaped cells 176 becomes equal.

As shown in FIG. 1(a), at least a side surface of each of the
upper section bladder-shaped cells 17a and the middle sec-
tion bladder-shaped cells 175 is formed in an arcuate shape.
Theradius of curvature R1 of the arcuately shaped parts of the
upper section bladder-shaped cells 174 is smaller than the
radius of curvature R2 of the arcuately shaped parts of the
middle section bladder-shaped cells. By setting the radii of
curvature of the arcuately shaped parts of the upper section
and middle section bladder-shaped cells 17a, 175 in this way,
itis possible to reduce the surface tension in the surface of the
upper section bladder-shaped cells 17a, thereby yielding a
softer contact feel when in contact with a person. Specifically,
the internal pressure and surface tension of a bladder-shaped
body can generally be expressed by the following formula,
and when internal pressure is fixed, the surface tension is
correlated to the radius of curvature of the bladder-shaped
body. As such, the surface tension of the upper section blad-
der-shaped cells 17a, whose sides have a small radius of
curvature, is smaller than the surface tension in the middle
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section bladder-shaped cells 175, yielding a soft contact feel
when contacted. In the following formula, p represents inter-
nal pressure, R represents radius of curvature, and y repre-
sents surface tension.

Ap=2y/R (Formula 1)

In the present embodiment, as shown in FIG. 3, the plural-
ity of bladder-shaped cells in an air cell group 10a, which
corresponds to the head area of a person lying on the air
mattress, is connected to a shared air tube 13 so that air is
supplied or released through an independent air supply/re-
lease system, and the plurality of bladder-shaped cells in an
air cell group 10g, which corresponds to the heel area, is
connected to a shared air tube 13 so that air is supplied or
released through a single independent air supply/release sys-
tem. Furthermore, out of the bladder-shaped cells of an air
cell group 10c¢ corresponding to the back area of the person
lying on the air mattress, the bladder-shaped cells in a lower
section are connected to an air tube 13 shared with the blad-
der-shaped cells in a lower section of an air cell group 10e
corresponding to the thigh area, and are configured so that air
is supplied or released through a single independent air sup-
ply/release system (system A). Likewise, the bladder-shaped
cells in alower section of an air cell group 10d corresponding
to the buttock area is connected to a common air tube 13 so
that air is supplied or released through a single independent
air supply/release system (system B). Furthermore, in the
present embodiment, a plurality of bladder-shaped cells of an
air cell group 105 corresponding to a shoulder area of the
person lying on the air mattress is connected to one of three
independent air supply/release systems (system 1, system 2,
and system 3) via an air tube 13, and is configured so that
independent air supply or release is performed for each. Like-
wise, the pluralities of bladder-shaped cells of air cell groups
10c¢ through 10f corresponding to the back area (upper sec-
tion), buttock area (upper section), thigh area (upper section),
and knee area are connected to one of three independent air
supply/release systems (system 1, system 2, and system 3) via
an air tube 13, and are configured so that independent air
supply or release is performed for each. As shown in FIG. 3
and FIG. 4, the bladder-shaped cells of each of the three air
supply/release systems are disposed in alternation in the order
of system 1, system 3, system 2, system 1, system 3 . . . from
the shoulder area to the knee area. Each of the bladder-shaped
cells in the same air supply/release system (system 1, system
2, or system 3) is connected to a common air tube 13. In the
present embodiment, an air injection tube 13 for supplying air
to one independent system is laid on a lower surface of the
mattress, and is configured so that, by supplying air to the air
injection tube, air is ejected from a plurality of injection holes
provided on an outer surface of the air injection tube, enabling
moisture to be removed from the mattress. Specifically, the
present embodiment is provided with four air supply/release
systems for controlling blocks for the head area, heel area,
buttock area (lower section), and back area (lower section)
and thigh area (lower section) of the mattress user; with three
air supply/release systems—system, system 2, and system
3—for alternating inflation/deflation; and with one air supply
system for injecting air, for a total of eight air supply/release
systems. It is thereby possible to separately adjust the air
pressure within the bladder-shaped cells according to the part
of the body, thus dispersing body pressure. In the present
embodiment, the pressure within air cell group 10a corre-
sponding to the head area of the person lying on the air
mattress is maintained at a fixed level, the bladder-shaped
cells 10g of the air cell group corresponding to the heel area
are inflated or deflated at a fixed interval, and the pressure
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within air cell groups 10c¢, 10e corresponding to the back area
and the thigh area is set to be greater than that of air cell group
104 corresponding to the buttock area. A pressure sensor for
measuring internal pressure is provided for each of the blad-
der-shaped cells 17 of the present invention, and is configured
so that the value measured by the pressure sensor is outputted
to a bed control circuit described below. In this case, a pres-
sure sensor may be provided for all of the bladder-shaped
cells 17, or a shared pressure sensor may be provided for one
air supply/release system.

As shown in FIG. 4, out of the bladder-shaped cells 17 of
the plurality of air cell groups 10, the bladder-shaped cells 17
of air cell group 10g, which is disposed in correspondence to
the heel area ofthe person lying on the air mattress, are shorter
than, for example, the bladder-shaped cells 17 of the other air
cell groups (104 through 10f), and the bladder-shaped cells 17
of the other air cell groups 10 extend to the edge of the air
mattress. Thus, there is a space left between the bladder-
shaped cells 17 of air cell group 10g, which corresponds to the
heel area, and the edge of the air mattress. The bladder-shaped
cells 10g disposed in correspondence to the heel area of the
person lying on the air mattress are, for example, up to 30%
shorter than the bladder-shaped cells 17 of the other air cell
groups 10a through 10f. In other words, in the collection of
bladder-shaped cells 17 in which a plurality of bladder-
shaped cells is arranged and formed so as to describe a rect-
angle as a whole when seen in a plan view, out of the four
corners thereof, there is a space in one of the corners by the
heel area of the person lying on the air mattress in which
bladder-shaped cells 17 are not disposed.

An air supply/release pump 11 is disposed within the space
in which bladder-shaped cells 17 are not disposed so that the
lengthwise direction thereof is, for example, perpendicular
with the lengthwise direction of each of the bladder-shaped
cells 17; i.e., so that the lengthwise direction is oriented in the
direction from the head area to the heel area of the person
lying on the air mattress. The air supply/release pump 11 is
thereby disposed in a corner out of the four corners of the air
mattress 1, which is configured so as to describe a rectangle as
awhole when seen in a plan view, that corresponds to the heel
area of the person lying on the air mattress. The part corre-
sponding to the side of the heel area is a part that the body of
the user of the air mattress does not readily contact even if the
user turns over while sleeping, so that sleeping comfort is not
reduced. Even if the user does come in contact with this part,
because it is the heel, sleeping comfort is not negatively
affected by the presence of the pump. By disposing the air
supply/release pump 11 in an area within the range of the
width and length of the air mattress constituted by the plural-
ity of air cell groups 10, there is no need to dispose the pump
11 externally with respect to the air mattress, and ease of
handling is obtained. The height of the air supply/release
pump 11 is, for example, equal to or less than that of the
bladder-shaped cells 17 of each of the air cell groups 10,
creating a configuration in which it is possible to prevent the
air supply/release pump 11, which is harder than each of the
air-filled bladder-shaped cells 17, from jutting out beyond the
air cell groups 10 in the height direction, as well as to prevent
the position of the person lying on the air mattress from being
higher than that of the side rails when the air mattress is
placed on a bed having, for example, side rails. The exterior
surface of the air supply/release pump 11 is covered by a
pliable member of, for example, urethane, and is configured
to simultaneously soften any shocks in case the person on the
air mattress or a caretaker or the like comes in contact with the
air supply/release pump 11 and protect the air supply/release
pump 11.



US 9,095,224 B2

9

In the present embodiment, as shown in FIG. 5, the plural-
ity of air cell groups 10 and the air supply/release pump 11 are
covered by a single top cover 14 of, for example, nylon fibers
coated with polyurethane, and the upper surfaces thereof are
protected. Because the upper surfaces of the air cell groups 10
and the air supply/release pump 11 are covered with the top
cover 14, the lower surface of the air supply/release pump 11
is exposed to the exterior at one side surface in the widthwise
direction of the air mattress 1 and a side surface correspond-
ing to the heel area of the air mattress user in the lengthwise
direction of the air mattress 1. When a top cover is provided,
as in the case of the present embodiment, the collection of air
cell groups formed by the plurality of air cell groups 10 and/or
the air supply/release pump 11 is provided with a structure so
that the top cover 14 can be fixed thereto, and the air supply/
release pump 11 is fixed, for example, to the air cell groups
10.

As shown in FIG. 5, the air supply/release pump 11 is
provided on, for example, a side exposed to the exterior on an
end of the air mattress 1 in the lengthwise direction with one
each of a power input cord, a cord connected to the mattress
control circuit 15 for sending and receiving signals with the
mattress control circuit 15, and a cord for sending and receiv-
ing signals with the hand switch 16 is provided. The hand
switch 16 is provided with a switch for switching between
various pressures of the air mattress, such as a decubitus ulcer
prevention mode in which the amount of air supplied to and
released from the bladder-shaped cells 17 connected to the air
tubes 13 of, for example, air supply systems system 1, system
2, and system 3 is continuously varied so as to alternatingly
inflate and deflate adjacent cells from the shoulder area to the
knee area of the person lying on the air mattress, thus pre-
venting a fixed amount of pressure from being placed on a part
of'the body of the mattress user. The air supply/release pump
11 is driven by power inputted from a power source, and is
configured so as to send and receive signals with the mattress
control circuit 15 on the basis of directions inputted from the
hand switch 16, thereby altering, for example, the rate of
rotation of a fan provided within the pump 11, controlling the
amount of air supplied to and released from the air tubes 13 of
the above seven air supply/release systems and one air release
system, and controlling the internal pressure of the bladder-
shaped cells 17 connected to the air tubes 13 of each of the air
supply systems. Along with the decubitus ulcer prevention
mode switch, the hand switch is provided with a transport
mode switch for sealing the air release holes so as not to
release the air within each of the bladder-shaped cells of the
air mattress when, for example, the air mattress is being
transported with a person lying thereupon.

In the present embodiment, as shown in FIG. 6, the air
tubes 13 are connected to the air supply/release pump 11
using a connector 12. An air supply/release pump-side con-
nector 110 is provided in two locations on, for example, a side
of' the air supply/release pump 11 in the lengthwise direction
opposite to that of the power cord. In the present embodiment,
each of the air supply/release pump-side connectors 110 is
provided with four air supply/release ports 110a; and of the
total of eight air supply/release ports 110a provided on the air
supply/release pump 11, seven are configured as air supply/
release ports for supplying and releasing air to and from the
bladder-shaped cells connected to the head area, heel area,
system 1 through 3, and system A and B via the air tubes 13.
The remaining one of the eight air supply/release ports 110a
is configured as an air supply port, and it is possible to expel
air from the plurality of injection holes provided on the outer
surface of the air injection tube by supplying air to the air
injection tube provided on the lower surface of the mattress,
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and for moisture to be removed from the mattress. In the
present embodiment, as shown in FIG. 7, an air tube-side
connector 12 can connect four air tubes; thus, by connecting
two air tube-side connectors 12 to the air supply/release pump
11 as shown in FIG. 6, the pressure within the bladder-shaped
cells 17 corresponding to the eight air supply/release systems
is controlled. FIG. 8(5) illustrates an example of a disposition
of air intake/release terminals 12a corresponding to the eight
air supply/release systems.

As shown in FIG. 6, each of the two air supply/release
pump-side connectors 110 is provided with four air supply/
release ports 110a; and by inserting the air intake/release
terminals 12a of the air tube-side connectors 12 shown in
FIG. 7 into the air supply/release ports 110a and engaging a
projection on a side of a connector cover 125 with an inden-
tation on interior surfaces of the air supply/release pump-side
connectors 110, the air tube-side connectors 12 are mated
with the air supply/release pump-side connectors 110. Rub-
ber seals 12¢ are provided on exterior surfaces of the air
intake/release terminals 12a of the air tube-side connectors
12, increasing the strength of the seal between the air supply/
release ports 110a and the air intake/release terminals 12a.

The present embodiment is configured so that, when the
connectors 12 are removed from the air supply/release pump
11 as shown in FIG. 9, the connections between all of the air
tubes 13 and each of the eight air supply/release systems are
released, thus releasing control of the pressure within the
bladder-shaped cells, and the air within all of the bladder-
shaped cells is rapidly released through the air tubes 13 of
each of the air supply/release systems.

As shown in FIG. 9(a) and FIG. 9(b), the connector 12 of
the present embodiment is configured so that front ends of the
connector covers 125 project in directions facing towards
each other; and when rear ends of the connector covers 125
are pressed in directions approaching each other, the project-
ing tips of the connector covers 125 press upon the surface
upon which the air supply/release ports of the air supply/
release pump-side connectors 110 are provided (the mating
surface), as shown in FIG. 9(b), at the same time that the
projections on the sides of the connector covers 1256 and the
indentations on the inner surface of the air supply/release
pump-side connector 110 disengage; and is configured so that
the connector can be easily detached.

The mattress control circuit 15 is provided, for example, to
the exterior of the hand switch 16 and the air supply/release
pump 11, and is connected to each of the hand switch 16 and
the air supply/release pump. In the present embodiment, the
mattress control circuit 15 controls air supply/release by the
air supply/release pump 11 to each of the air cell groups 10,
and performs a control so that the pressure within each of the
bladder-shaped cells 17 becomes a predetermined target
value for each of the air supply/release systems. The mattress
control circuit 15 is configured so as to begin supplying air
using the air supply/release pump 11 to each of the air supply
systems when the difference between the value measured by
the pressure sensor provided for each of the systems and the
set target value is 5% or more for a period of four seconds or
longer, and to stop supplying air using the air supply/release
pump 11 when the value measured by the pressure sensor
becomes the set target value or greater.

Next, the operation of the air mattress according to the
present embodiment will be described. In the present embodi-
ment, when, for example, a switch of the hand switch 16 is
operated, an input signal from the hand switch 16 is first
inputted to the mattress control circuit 15 via the cord on the
end of the air supply/release pump. The mattress control
circuit 15 then controls, for example, the rate of rotation of the
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fan within the air supply/release pump 11 on the basis of the
received signal. The amount of air supplied and released to
and from the air tubes 13 connected to each of the air supply/
release systems of the air supply/release pump is thereby
controlled, in turn controlling the pressure within the bladder-
shaped cells 17 connected to the air tubes 13 of each of the air
supply systems.

At this time, the mattress control circuit 15 controls the
pressure within the bladder-shaped cells corresponding to
each of the air tubes 13 connected, for example, to the four
block control air supply systems, except for those in the air
cell group 10g corresponding to the heel area, so that the
pressure is constantly at a fixed amount. The pressure in the
air cell group 10g corresponding to the heel area is controlled
so as to inflate or deflate within a predetermined pressure
range at a fixed interval. In other words, when the body weight
of'the person lying on the air mattress is, for example, from 30
to 135 kg, each of the air cell groups is separately controlled
so that the pressure within the bladder-shaped cells of air cell
group 10a, which corresponds to the person’s head area, is,
for example, from 1.6 to 4.3 kPa; the pressure within the
bladder-shaped cells of air cell group 10g, which corresponds
to the person’s heel area, is, for example, from 1.1 to 3.0 kPa;
the pressure within the bladder-shaped cells of the lower
sections of air cell group 10c¢ and 10e (system A), which
correspond to the person’s back area and thigh area, is from
1.5 to 6.4 kPa; and the pressure within the bladder-shaped
cells of the lower section of air cell group 10d (system B),
which corresponds to the person’s buttock area, is from 1.1 to
3.3 kPa. By controlling the pressure within the bladder-
shaped cells of the air cell group 10a corresponding to the
head area of the person lying on the air mattress so that the
pressure is a fixed amount, it is possible to stably support the
locations corresponding to a bone protruding outward from
the back area of the body of the mattress user (the occipital
bone) when the user is in a reclined state. By controlling the
pressure within the bladder-shaped cells of the lower sections
of air cell group 10c¢ and 10e (system A), which correspond to
the back area and thigh area of the person, so as to be greater
than the pressure within the bladder-shaped cells of the lower
section of air cell group 10d (system B), which corresponds to
the buttock area, it is possible to stably support the buttock
area, which protrudes toward the mattress and thus receives a
larger load of the body’s weight compared to other locations
when the user is in a reclined state, from both sides, i.e., using
the bladder-shaped cells of air cell group 10c and 10e, which
correspond to the back area and the thigh area; this in turn
enables the promotion of body pressure dispersion and the
prevention of the repelling force placed by the air mattress on
the buttock area of the person on the air mattress from becom-
ing too great and decubitus ulcers from occurring. Further-
more, by inflating or deflating the air cell group 10g corre-
sponding to the heel area at a fixed interval, it possible to
switch the part supporting the heel area between the thigh and
the heel at a fixed interval, preventing repelling force from the
mattress being placed upon the heel of the person for long
periods of time.

Here, the mattress control circuit 15 performs a control in
particular for the air cell groups 17¢ through 17¢, for which air
intake/release is performed via system A and system B, so
that the internal pressure in the lower section bladder-shaped
cells 17¢ is greater than that in the upper section and middle
section bladder-shaped cells 17a, 175. The repelling force
placed by the mattress on the person is thereby reduced by the
upper section and middle section bladder-shaped cells 17a,
17h, which have a pressure smaller than that of the lower
section bladder-shaped cells 17¢, while the lower section
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bladder-shaped cells 17¢ stably support the person; and it is
further possible to soften the contact feel felt by the person
using the upper section bladder-shaped cells 174, so that there
is no reduction in sleeping comfort for the person lying on the
air mattress.

Next, the control of internal pressure by the mattress con-
trol circuit 15 in the air mattress according to the present
embodiment will be described. When the pressure within the
bladder-shaped cells connected to each of the air supply sys-
tems is adjusted, the mattress control circuit 15 performs
pressure control according to, for example, the flow chart
shown in FIG. 10. At the time when pressure control is begun,
the initial value for an interval count n, is 0. First, the pressure
within the bladder-shaped cells is measured by the pressure
sensors provided for each of the air supply systems (step S1).
Next, the mattress control circuit 15 determines whether or
not the pressure within all of the bladder-shaped cells exceeds
a set target value of 95% or not (step S2). At this time, if the
pressure within each of the bladder-shaped cells exceeds the
set target value of 95%, the mattress control circuit 15 finishes
pressure control (step S3). On the other hand, if there is even
one bladder-shaped cell whose internal pressure is equal to or
less than the set target value of 95%, the mattress control
circuit 15 measures the period for which the difference
between the value measured by the pressure sensor and the set
target value was 5% or greater (step S4). The mattress control
circuit 15 then determines whether the measured period was
equal to or greater than four seconds. If the period for which
a bladder-shaped cell was present in which the difference
between the value measured by the pressure sensor and the set
target value was 5% or greater was less than four seconds, the
process returns to step S1. On the other hand, if the period for
which a bladder-shaped cell was present in which the differ-
ence between the value measured by the pressure sensor and
the set target value was 5% or greater was four seconds or
longer, the mattress control circuit 15 begins supplying air
using the air supply/release pump 11 to each of the air supply/
release systems in order (step S5). For example, if the pres-
sure within the bladder-shaped cells 17 connected to the air
supply system B decreases, and the difference with the pre-
determined set target value is 5% or greater for a period of
four seconds or more, the mattress control circuit 15 supplies
air to each of the bladder-shaped cells of system B. Alterna-
tively, even if, for example, the pressure within the bladder-
shaped cells 17 connected to the air supply system B is equal
or greater than the set target value of 95% when the period is
being measured, if, for example, the pressure within the blad-
der-shaped cells 17 connected to the air supply system A
decreases and a state in which the difference with the set
target value is 5% or more continues, the mattress control
circuit 15 continues to measure the period. If the pressure
within all of the bladder-shaped cells exceeds the set target
value of 95% before the continuously measured period
reaches four second, period measuring is finished, and the
process returns to step S1.

The air supply period t, for each of the air supply systems
is set at, for example, 60 seconds, and when the internal
pressure of the bladder-shaped cells to which air is being
supplied becomes the set target value or greater during the air
supply periodt,, air supply using the air supply/release pump
11 is stopped for that system, and air supply to the next system
is begun. When the internal pressure of the bladder-shaped
cells to which air is being supplied does not become the set
target value or greater during the predetermined air supply
period t,, air supply is stopped for that system, and air supply
to the next system is begun. When air supply to all of the
systems is finished, the interval count n, is increased by 1
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(step S6). The mattress control circuit 15 then repeats pres-
sure control for amaximum of'two intervals, with the series of
operations from step S1 through step S6 counted as one
interval. The numerical value for the interval count n, is
determined every interval (step S7). When the interval count
n, exceeds 2, an error process is performed by, for example,
displaying a message on a monitor of the hand switch 16 that
the pressure control state of the mattress is abnormal (step
S8).

In this way, the mattress control circuit 15 of the air mat-
tress according to the present embodiment measures the pres-
sure in each of the systems and supplies air thereto, and stops
supplying air using the air supply/release pump 11 when the
value measured by the pressure sensor becomes the set target
value or greater. Thus, in the mattress according to the present
embodiment, setting to a predetermined pressure value is
performed more quickly than in cases where air is supplied to
all of the bladder-shaped cells, and responsiveness is greater.

There now follows a description of the operation of each of
the air supply systems in the air mattress according to the
present embodiment when a decubitus ulcer prevention func-
tion is operated. When a decubitus ulcer prevention function
of the air mattress is operated, the mattress control circuit 15
first, as shown for example in FIG. 11, performs a control of
the three alternating inflation/deflation air supply systems so
that air is supplied to air supply system 1 and released from air
supply system 2. Neither air supply nor air release is per-
formed upon air supply system 3. The pressure within the
bladder-shaped cells 17 linked to the air tube of system 2
thereby becomes the smallest, and the pressure within the
bladder-shaped cells 17 linked to the air tube of system 1,
which until just previously had been the smallest, becomes
roughly equal to the pressure within the bladder-shaped cells
17 linked to the air tube of system 3. Air supply/release is not
performed for systems A and B, or for the air supply systems
for the head area and heel area. At this time, the mattress
control circuit 15 controls the amount of air supplied to each
of the systems on the basis of the values measured by the
pressure sensors as appropriate, and sets the internal pressure
of the bladder-shaped cells 17 of each of the systems to the
predetermined set target value.

In this case, the mattress control circuit 15 performs a
control so that the air supply period for the air supply systems
out of alternating inflation/deflation systems 1 through 3
being inflated is, for example, a maximum of 170 seconds, the
air release period for systems being deflated is, for example,
a maximum of 120 seconds, and air release from system 2 is
performed, for example, after a predetermined period from
the beginning of air supply to system 1. Because air release is
thus performed on system 2 after the bladder-shaped cells 17
linked to the air tube of system 1 are inflated until the internal
pressure thereof becomes the set target value or greater, the
supporting capability of the mattress is not reduced. Then,
when the air supply period for system 1 and the air release
period for system 2 are finished, the pressure within, for
example, the bladder-shaped cells of each of the air supply
systems is held at a fixed level. This pressure holding period
is, for example, 120 seconds, and if, between the pressure
maintenance period and the air supply/release operation peri-
ods for the systems 1 through 3, the pressure within, for
example, system A and system B decreases, and the differ-
ence between the value measured by the pressure sensors
provided in system A and system B and the set target value is
5% or more for a period of four seconds or longer, the mattress
control circuit 15 performs air supply using the air supply/
release pump 11 to system A and system B in that order, as
shown in FIG. 6, and stops supplying air using the air supply/
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release pump 11 when the pressure within the bladder-shaped
cells 17 becomes the set target value or greater. The pressure
within the bladder-shaped cells of system A and system B
thereby becomes the set target value or greater.

Next, as shown in FIG. 11, the mattress control circuit 15
performs a control so as to supply air to air intake system 2
and release air from air intake system air supply system 3.
Neither air supply nor air release is performed upon air supply
system 1. The pressure within the bladder-shaped cells 17
linked to the air tube of system 3 thereby becomes the small-
est, and the pressure within the bladder-shaped cells 17 linked
to the air tube of system 2, which until just previously had
been the smallest, becomes roughly equal to the pressure
within the bladder-shaped cells 17 linked to the air tube of
system 1. Air supply/release is not performed for systems A
and B, or for the air supply systems for the head area and heel
area.

Next, similar control is performed so that after, for
example, a pressure holding period of 120 seconds, air is
supplied to the air supply system 3, and air is released from
the air supply system 1. Neither air supply nor air release is
performed upon air supply system 2. One interval of the series
of air supply/release operations for systems 1 through 3 is
thus completed. During this interval of air release operations,
air injection from the air injection tube is performed at the
same time that air release from system 1 finishes.

By controlling the pressure within the bladder-shaped cells
connected to the air tubes 13 of each of the air supply/release
systems as described above, it is possible to alternatingly
inflate and deflate the pressure within the bladder-shaped
cells of the air cell groups 10 corresponding to the soft parts
where the skin contacts the surface of the mattress, i.e., the
shoulder area, back area, buttock area, thigh area, and knee
area of a person when the person is in a reclined state, thereby
preventing the same amount of pressure from being placed on
specific parts of the skin for long periods of time, and thus
decubitus ulcers from occurring.

Atthe same time, the pressure within the systems for which
air supply/release operations are not performed is also mea-
sured for each of the systems by the pressure sensors, and
when the internal pressure value is less than the set target
value, air is supplied using the air supply/release pump 11
after a predetermined period. It is thus possible to easily set
the pressure within the bladder-shaped cells of each of the
systems to a predetermined target pressure value.

Next, the operation of the air mattress according to the
present embodiment when transitioning between modes due
to, for example, the hand switch 16 being operated will be
described. FIG. 12 and FIG. 13 are flow charts showing a
process of setting the internal pressure for the bladder-shaped
cells of each of the systems of the air mattress according to the
embodiment of the present invention when transitioning
between modes, and FIG. 14 chronologically illustrates the
operation of each of the air supply systems for the bladder-
shaped cells of each of the systems when transitioning
between modes. In the present embodiment, “mode transi-
tion” refers to when the power of the air mattress is turned on
and to when a decubitus ulcer prevention function is begun.

When the power of the air mattress is turned on, and in the
decubitus ulcer prevention function, for example, the power is
turned on or decubitus ulcer prevention function operation is
begun by the hand switch 16 being operated. When this hap-
pens, the pressure within the bladder-shaped cells 17 is first
measured by the pressure sensors provided for each of the air
supply systems (step 10). The initial value for an interval
countn, is 0. Next, the mattress control circuit 15 determines
whether or not the pressure within the bladder-shaped cells of
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all ofthe systems is equal to or less than the set target value on
the basis of the values measured by the pressure sensors (step
S11). When the pressure within the bladder-shaped cells of all
of'the systems is equal to or less than the set target value, the
procedure shifts to the air supply process (step S12). On the
other hand, if there is even one system in which the pressure
within the bladder-shaped cells exceeds the set target value,
air is released from all of the bladder-shaped cells for each of
the systems (step S13, first half of FIG. 13), and the interval
count n, increases by 1 (step S14). The air release time for
each of the air supply systems is t, (for example, from 10 to 50
seconds). Next, the pressure within the cells is measured for
each of'the air supply systems (step S15). Then, the mattress
control circuit 15 determines whether or not the pressure
within the bladder-shaped cells of all of the systems is equal
to or less than the set target value on the basis of the values
measured by the pressure sensors (step S16). When the pres-
sure within the bladder-shaped cells of all of the systems is
equal to or less than the set target value, the procedure shifts
to the air supply process (step S12). When there is even one
system in which the pressure within the bladder-shaped cells
is equal to or greater than the set target value, the procedure
returns to the operations of step S13 through step S16, and the
air release operation is performed for a maximum of ten
intervals, with the series of operations from step S13 through
step S16 being considered one interval. The size of the inter-
val count n, is then determined (step S17), and when the
interval count n, exceeds 10, an error process is performed by,
for example, displaying a message on a monitor of the hand
switch 16 that the pressure control state of the mattress is
abnormal (step S18).

If transition to the air supply process is successfully per-
formed in step S12, air is supplied according to the flow chart
of FIG. 13. The initial value for an interval count n, is 0. When
this happens, air is first supplied to all of the bladder-shaped
cells in each of the systems (step S20, latter half of FIG. 14).
The air supply time is a maximum of't, seconds (for example,
air mattress activation time: 300 seconds; transition time to
decubitus ulcer prevention function or the like: 60 seconds).
The mattress control circuit 15 then determines whether the
pressure within all of the bladder-shaped cells is equal to or
greater than the set target value (step S21). When the pressure
within all of the bladder-shaped cells is equal to or greater
than the set target value, the air supply process is finished
(step S22). On the other hand, if there is even one system in
which the pressure within the bladder-shaped cells is less than
the settarget value, the interval count n, is increased by 1 (step
S23), and the procedure returns to step S20. The air supply
operation is then repeated for a maximum of m intervals (for
example, when activating the air matter: m=3; when transi-
tioning to a decubitus ulcer prevention function or the like:
m=2), with the series of operations from step S20 through
step S21 being considered one interval. The size of the inter-
val count n, is then determined (step S24), and when the
interval count n, exceeds m, an error process is performed by,
for example, displaying a message on a monitor of the hand
switch 16 that the pressure control state of the mattress is
abnormal (step S25). Using the above process, itis possible in
the present embodiment to rapidly set the pressure within
each of the bladder-shaped cells with reference to a set target
value even when transitioning between modes. Specifically,
because air is supplied to each of the systems after the pres-
sure within all of the bladder-shaped cells is set smaller than
the set target value, and air supply to systems in which the
internal pressure value has become the set target value or
greater is finished in order, the pressure value for each of the
systems is rapidly set in order to the set target value or greater.
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Inthe present embodiment, as described above, each of the
air cell groups is disposed in correspondence with the loca-
tions of the body of a person, and air supply to each of the air
cell groups can be performed in independent systems and
pressure controlled. Moreover, each of the air cell groups
corresponding to the back area, buttock area, and thigh area of
the person is formed so as to have an upper section, a middle
section, and a lower section; the upper section bladder-shaped
cells and the middle section bladder-shaped cells communi-
cating with each other, and pressure control capable of being
performed for each of the upper section and middle section
bladder-shaped cells in independent systems. It is thereby
possible not only to control pressure according to the location
of'the body of the person lying on the air mattress, but also, in
the air cells groups corresponding to the head area, buttock
area, and thigh area, to reduce the repelling force placed by
the mattress upon the person using the upper section and
middle section bladder-shaped cells, which have a pressure
smaller than that of the lower section bladder-shaped cells,
while the lower section bladder-shaped cells stably support
the person, and further to soften the contact feel felt by the
person using the upper section bladder-shaped cells. Thus, in
the air mattress according to the present embodiment, the
sleeping comfort of the person lying on the air mattress is not
reduced.

The mattress control circuit 15 also measures the pressure
in each of the systems and supplies air thereto, and stops
supplying air using the air supply/release pump 11 when the
value measured by the pressure sensor becomes the set target
value or greater. Thus, in the mattress according to the present
embodiment, setting to a predetermined pressure value is
performed more quickly than in cases where air is supplied to
all of the bladder-shaped cells, and responsiveness is greater.

Also, even when transitioning between modes, such as
when activating the air mattress or starting the decubitus ulcer
prevention function, because the mattress control circuit 15
supplies air to each of the systems after the pressure within all
of the bladder-shaped cells is set smaller than the set target
value, and finishes supplying air to systems in which the
internal pressure value has become the set target value or
greater in order, it is possible to set the pressure value for each
of'the systems in order to the set target value or greater.

Next, an air mattress according to a third embodiment of
the present invention will be described. As shown in FIG. 16,
an air mattress 1 according to a second embodiment is laid
upon a frame of abed 2 having a raisable back frame and used.
The bed 2 according to the present embodiment is an electric
bed, and is configured so that a piston rod on the tip of an
actuator 24 is made to advance or retract on the basis on input
from a hand switch 2c¢, thereby raising or lowering the back in
connection with various linkage mechanisms of the bed
coupled to the tip of the piston rod.

In the present embodiment, the mattress control circuit 15
is connected to the control circuit 2a of the electric bed 2, and
the back raising angle of the back frame is input as a signal
via, for example, the control circuit 2a of the electric bed. It is
configured to then control, for example, the rate of rotation of
the fan for each of the air supply/release systems of the air
supply/release pump 11 according to the back raising angle
on the basis of the back raising angle signal so that, for
example, a predetermined pressure value is obtained, thus
controlling the pressure within each of the bladder-shaped
cells connected to the eight air supply/release systems. The
rest of the configuration is identical to that of the first embodi-
ment.

Next, the operation of the air mattress according to the
present embodiment will be described. In the present embodi-
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ment, when the bed hand switch 2¢ of the electric bed 2 is
operated, a command from the bed hand switch is first input-
ted to the control circuit 2a of the electric bed 2. The electric
bed control circuit 24 then decides the distance to advance or
retract the piston rod on the tip of the actuator 25 according to
the signal from the bed hand switch, thereby deciding the
back raising angle of the back frame. Next, the electric bed
control circuit 2a sends the signal regarding the back raising
angle of the back frame to the mattress control circuit 15. The
mattress control circuit 15 thereby decides the optimal pres-
sure for each of the bladder-shaped cells connected to each of
the air supply/release systems according to the inputted back
raising angle signal. At this time, the mattress control circuit
15 controls the internal pressure of each of the bladder-shaped
cells 17 linked to each of the air supply/release systems so
that, for example, the pressure in air cell groups 10c, 10e,
corresponding to the back area and thigh area, is higher than
the pressure within air cell group 104, corresponding to the
buttock area, and furthermore so that the pressure within the
air cell group 104 corresponding to the buttock area increases
as the angle to which the back frame is raised increases.

Next, the electric bed control circuit 2a operates the actua-
tor 2b by, for example, supplying power to the actuator 25,
and the back frame is raised. In the present embodiment, as
shown in FIG. 15, when the operation of raising the back of
the bed is stopped and the back raising angle is secured, the
mattress control circuit 15 first begins supplying air to air
supply system A, and sets the pressure within the bladder-
shaped cells connected to system A to the set target value.
Next, the mattress control circuit 15 begins supplying air to
air supply system B, and sets the pressure within the bladder-
shaped cells connected to system B to the set target value. The
mattress control circuit 15 subsequently sets the pressure
within the bladder-shaped cells of each of the systems to the
set target value according to, for example, the process shown
in FIG. 12 through FIG. 14, then transitions to the normal
pressure adjustment mode shown in FIG. 10.

In the present embodiment, the internal pressure of the
bladder-shaped cells of each of the systems is set to an opti-
mal value when the back frame of the electric bed 2 has been
raised or lowered so as to have a predetermined back raising
angle. The value set for the internal pressure of the bladder-
shaped cells is a pressure such that the body weight of the
person on the air mattress is dispersed evenly over the mat-
tress, and, for example, large localized pressure is not placed
upon the mattress user and the mattress user does not feel as
though there is a foreign object present or experience other
types of discomfort; and is set to a value experienced in
experiments or the like. In the present embodiment as well,
internal pressure is controlled in a manner similar to that of,
for example, the first embodiment. Control is also performed
so that the internal pressure of the bladder-shaped cells in air
cell groups 10c¢, 10e (system A) corresponding to the back
area and thigh area of the person is greater than the internal
pressure of the bladder-shaped cells in air cell group 104
(system B) corresponding to the buttock area. The pressure
within air cell groups 10c¢, 10e corresponding to the back area
and thigh area is also controlled so that the pressure within
each of the air cells increases as the angle to which the back
frame is raised increases.

In the present embodiment, the mattress control circuit 15
performs a control so that the pressure in the air cell groups
supporting the back area and thigh area of the person lying on
the air mattress 1 (air cell groups 10¢ and 10e, respectively)
increases when the back frame of the bed is in a raised state.
It is thereby possible, in addition to the effects of the first
embodiment, to stably support the buttock area of the person
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on the air mattress from both sides thereof using the air cell
groups supporting the back area and thigh area of the person
even when the back frame of the bed has been raised. It is also
possible to prevent a large localized pressure from being
placed upon the air mattress 1 corresponding to the buttock
area of the person and mattress compression, in which that
part of the air mattress 1 corresponding to the buttock area of
the person is compressed and greatly caves in, from occurring
even when the back frame of the bed is raised, as well as to
stably support the mattress user.

Inthe present embodiment, because it is not the pressure in
the air cell group 10d supporting the buttock area of the
person lying on the air mattress 1, but rather the pressure in
the air cell groups (10c¢ and 10e, respectively) supporting the
back area and thigh area on both sides of the buttock area, that
is increased when the back frame is raised, it is possible to
effectively distribute body pressure using the air mattress
without the repelling force from the air mattress placed upon
the buttock area of the area increasing and comfort being
reduced.

Furthermore, in the present embodiment, because the mat-
tress control circuit 15 controls the pressure of each of the air
cell groups so that the pressure within the air cell group 104
corresponding to the buttock area increases as the angle to
which the back frame is raised increases, it is possible to
obtain the effects described above regardless of the back
raising angle.

Itis also possible in the present embodiment to obtain an air
mattress configured so that the pressure within each of the
bladder-shaped cells is continuously altered when the back
frame of the bed 2 is raised.

It is also possible to obtain the effects described above
regardless of the body weight of the person lying on the air
mattress by configuring the air mattress of the present
embodiment as described below. Specifically, a configuration
is adopted in which body weight can be inputted into the hand
switch 16, and control is performed so that the mattress con-
trol circuit 15 increases the pressure within each of the air cell
groups the greater the body weight of the person. By config-
uring the air mattress in this way, it is possible to prevent
mattress cave-in at, for example, a position corresponding to
the buttock area from being larger, for example, in the case of
a person with a high body weight than in the case of a person
with a low body weight.

In this case, a configuration may also be adopted in which
aload sensor is provided at each of the four corners of the bed
upon which the air mattress is laid, the body weight of the
person on the air mattress is detected by these load sensors,
and the body weight of the person on the mattress as detected
by the load sensors is inputted to the mattress control circuit
15 via the control circuit 2a of the electric bed.

INDUSTRIAL APPLICABILITY

The present invention is useful in improving the sleeping
comfort of an air mattress.

KEY

1 air mattress

10 air cell group

11 air supply/release pump

110 connector (air supply/release pump-side)
110a air supply/release ports

12 connector (air tube-side)

12a air supply/release terminal

125 connector cover
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12¢ rubber seal

13 air tube

14 top cover

15 mattress control circuit

16 hand switch

17 bladder-shaped cell

17a upper section bladder-shaped cell
175 middle section bladder-shaped cell
17¢ lower section bladder-shaped cell
2 electric bed

2a electric bed control circuit

2b actuator

2¢ electric bed hand switch

23 load sensor

The invention claimed is:

1. An air mattress, comprising:

aplurality of air cell groups lined up in a lengthwise direc-
tion of the air mattress, each of which groups is consti-
tuted by a plurality of bladder-shaped cells;

an air supply/release pump;

an air tube of a first system for connecting bladder-shaped
cells of partial air cell groups out of said air cell groups
to said air supply/release pump in one or a plurality of
independent systems by assembling the bladder-shaped
cells belonging to the air cell groups thereof all together;

an air tube of a second system for connecting bladder-
shaped cells of the remaining air cell groups out of said
air cell groups to said air supply/release pump in a plu-
rality of independent systems in common for every one
of the the plurality of bladder-shaped cells;

a pressure sensor for measuring the pressure within said
bladder-shaped cells for each system of said first system
and said second system; and

a controller for controlling air supply/release by the air
supply/release pump with respect to each system of said
first system and second system;

wherein said plurality of air cell groups is lined up corre-
sponding to at least a head area, shoulder area, back area,
buttock area, thigh area, knee area, and heel area of a
person lying on said air mattress,

wherein the air cell groups corresponding to at least said
back area, buttock area and thigh area out of said plural-
ity of air cell groups are specific air cell groups each of
which comprises an upper section, a middle section, and
a lower section,

wherein air cell groups other than the specific air cell
groups are non-specific air cell groups each of which is
constituted by one section, and

wherein the air cell groups at the lower section of said
specific air cell groups and the the plurality of air cell
groups out of said non-specific air cell groups are sup-
ply/release controlled for each of the systems of said first
system, the air cell groups at the upper and middle sec-
tions of said specific air cell groups and the remaining air
cell groups of said non-specific air cell groups are sup-
ply/release-controlled for each of the systems of said
second system, and the upper section bladder-shaped
cells of said specific air cell groups communicate with
the middle section bladder-shaped cells therebeneath.

2. The air mattress according to claim 1, wherein at least a
side surface of each of said upper section and middle section
bladder-shaped cells is formed in an arcuate shape, and the
radius of curvature of the arcuately shaped parts of said upper
section bladder-shaped cells is smaller than the radius of
curvature of the arcuately shaped parts of said middle section
bladder-shaped cells.

3. The air mattress according to claim 1, wherein said
controller performs a control so that the pressure in said lower
section bladder-shaped cells is greater than that in said middle
section bladder-shaped cells.
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4. The air mattress according to claim 1, wherein said
controller performs a control so that the pressure in at least the
air cell groups corresponding to the head area of said person
lying on said air mattress out of said air cell groups is main-
tained at a fixed level, the bladder-shaped cells of the air cell
groups corresponding to the heel area are inflated or deflated
at a fixed interval, and the pressure in the air cell groups
corresponding to said back area and thigh area is greater than
the pressure in the air cell groups corresponding to the buttock
area.

5. The air mattress according to claim 4, wherein:

the bladder-shaped cells of the air cell groups correspond-

ing to said head area and heel area, as well as the lower
section bladder-shaped cells of the air cell groups cor-
responding to said back area, buttock area, and thigh
area, are connected to said first system via said air tube;
and

in order to set the pressure within the bladder-shaped cells

to which air is supplied by said first system to a set target
value, said controller begins supplying air using said air
supply/release pump to the system when the value mea-
sured by said pressure sensor is reduced below said set
target value and a period during which the difference
between the measured value and the set target value is
5% or more is four seconds or more, and stops supplying
air using said air supply/release pump when the value
measured by said pressure sensor becomes equal to or
greater than said set target value.

6. The air mattress according to claim 4, wherein said
second system comprises tWo or more systems;

each of the bladder-shaped cells in the air cell groups

corresponding to said shoulder area and knee area, as
well as the upper section bladder-shaped cells in the air
cell groups corresponding to said back area, buttock
area, and thigh area, is connected to one of said systems
of said second system via said air tubes; and a control
can be performed so that inflation and deflation can be
repeated in order within each of the air cell groups for
each of the systems.

7. The air mattress according to claim 2, wherein said
controller performs a control so that the pressure in said lower
section bladder-shaped cells is greater than that in said middle
section bladder-shaped cells.

8. The air mattress according to claim 5, wherein said
second system comprises tWo or more systems;

each of the bladder-shaped cells in the air cell groups

corresponding to said shoulder area and knee area, as
well as the upper section bladder-shaped cells in the air
cell groups corresponding to said back area, buttock
area, and thigh area, is connected to one of said systems
of said second system via said air tubes; and

a control can be performed so that inflation and deflation

can be repeated in order within each of the air cell groups
for each of the systems.

9. The air mattress according to claim 1, wherein the con-
troller controls air supply/release such that the pressure
within each of said bladder-shaped cells is variable.

10. The air mattress according to claim 1, wherein the
plurality of air cell groups, the air supply/release pump, the air
tube of the first system, and the air tube of the second system
constitute an integrated whole.

11. The air mattress according to claim 1, wherein each of
the bladder-shaped cells of the plurality of air cell groups
comprises a rod-shaped cell extending in a widthwise direc-
tion of the air mattress.

12. The air mattress according to claim 1, wherein said
plurality of air cell groups corresponding to said heel area
have a shorter length in a widthwise direction of the air
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mattress than said plurality of air cell groups corresponding to
the head area, shoulder area, back area, buttock area, thigh
area, and knee area.

13. The air mattress according to claim 1, wherein said
plurality of air cell groups corresponding to the head area,
shoulder area, back area, buttock area, thigh area, and knee
area extend from one perimeter to the other perimeter in a
widthwise direction of the air mattress.

14. The air mattress according to claim 1, wherein said air
supply/release pump is disposed in an area corresponding to
said heel area.

15. The air mattress according to claim 1, wherein said air
supply/release pump is disposed in a corner of the air mat-
tress, and disposed in an area corresponding to said heel area.

16. The air mattress according to claim 1, wherein said air
supply/release pump is provided on a side of said air mattress
exposed to the exterior on an end of said air mattress in the
lengthwise direction.

17. The air mattress according to claim 1, further compris-
ing:

atop cover fixed to an upper surface of said plurality of air

cell groups,

wherein the top cover comprises nylon fibers coated with

polyurethane.
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